Objective: In many studies it has been shown that breakfast is associated with normal weight in children and adolescents. Other meals, family meals and a regular meal pattern have been less studied. Therefore, the aim of the present study was to examine whether a regular meal pattern, or breakfast, lunch or dinner as separate regular meals, is associated with the BMI of children. Design: A cross-sectional study conducted within the Helsinki region during 2006. Study participants were measured and weighed by research staff. Children filled in a study questionnaire on their health behaviour, including the frequency of consuming meals. A regular meal was defined as one usually eaten on every school day. A regular meal pattern was defined as one consisting of a usual consumption of breakfast, school lunch and dinner on every school day. Covariance analysis was used as the statistical analysis method. Setting: Capital region, Finland, 2006. Subjects: A total of 604 schoolchildren (312 girls) aged 9-11 years. Results: Irregular breakfast and an irregular meal pattern were associated with higher BMI. Regularity of school lunch, dinner or family dinner was not associated with BMI. Conclusions: A regular breakfast and meal pattern was associated with lower BMI in children, although breakfast was the only single meal associated with BMI. We conclude that, although the association between breakfast and weight status in children is fairly consistent, the role of other meals is less convincing.
The prevalence of overweight has increased considerably among children during the last decades and is now at approximately 15-30 % in most Western countries (1) . Although chronic energy surplus is the ultimate reason for developing overweight, many factors, most importantly those related to diet and physical activity, contribute to this imbalance. Missing meals and/or eating snacks is one factor that could influence weight status, because consuming breakfast or having a regular meal pattern has been found to be associated with an increased consumption of fruit and vegetables and lowering of soft drink consumption, and having a diet with a higher nutrient density, e.g. fibre (2) (3) (4) (5) (6) . The association between consumption of meals and weight status can also be due to factors unrelated to food. For example, regular consumption of breakfast can be an indicator of an already healthy lifestyle (7) . This could also be the case with other meals. Having a regular breakfast has been shown to be associated with normal weight in children and adolescents in cross-sectional (4, 8, 9) and prospective studies alike (10) (11) (12) (13) (14) (15) . Only few studies have examined the relationship of meals other than breakfast to weight status. So far, no clear association has been found between eating a school lunch and weight status (16) (17) (18) , although some studies have found a positive association (19, 20) . Most of these studies have been conducted in countries where only a section of the students have a free school lunch available to them (21) ; therefore, the situation might be different in Finland, as a cooked school lunch is provided free of charge to everyone. Most cross-sectional studies have shown that consuming fewer family dinners has an association with overweight or higher BMI (19, (22) (23) (24) (25) , but results from prospective studies are less clear (22, 23) . Dinner irregularity and its association with overweight has not, to our knowledge, been studied previously. There have been a few studies on specific meal patterns and weight status in schoolchildren. A couple of studies have found that there is an association between consuming three main meals a day and a lower BMI (26, 27) , but inconclusive results also exist (27, 28) . The aim of the present study was to examine whether regular breakfast, school lunch, dinner, family dinner or an overall regular meal pattern is associated with the BMI of schoolchildren in Finland. In the present study, a regular meal pattern refers to consuming breakfast, lunch and dinner daily during the school week.
Materials and methods
The present study was performed as a part of a project called Hälsoverkstaden (Health workshop), which studies the health behaviour of 9-11-year-old children in Finland. The study material is cross-sectional and was collected from Swedish-speaking elementary schools in the capital region in 2006. Headmasters in all the Swedish-speaking schools with more than fifty pupils in the capital region (n 44) were asked whether their school would take part in the project; twenty-seven agreed to participate. Those schools that declined were not different in terms of socioeconomic status (SES) from those that chose to participate. The study was granted the approval of the ethics committee of the University of Helsinki's public health department.
In the spring of 2006, 1054 children and their parents were contacted, of whom 677 gave their informed consent for participation in the study. Data were collected during two visits to the schools. The response rate was 60 %. During the first visit in the spring, 630 children were measured and weighed by research staff. The forty-seven children who did not take part were either absent during the measurements or declined to be measured. During the fall, 604 of those children who had been measured completed a questionnaire on their health behaviour. These 604 children form the final sample of our study. The twenty-six children who did not complete the questionnaire in the fall had been absent on that particular school day. The questionnaire was completed in a classroom setting with a member of the research staff always present.
Anthropometrics
All the children were weighed before lunchtime using the same study scale to the nearest 0?1 kg wearing only underwear and a T-shirt. The children's height was measured to the nearest 0?5 cm using the same study measure. BMI was calculated as weight in kilograms divided by the square of height in metres (kg/m 2 ).
Meal pattern
The children were asked on how many days during a school week they usually consumed breakfast. The alternative answer choices ranged from zero to five. Similar questions were asked about school lunch and dinner. The same questions have been used in the WHO Health Behavior of School-aged Children (HBSC) study questionnaire (29) . We defined any meal normally eaten on 5 d during the school week as a regular meal and all other alternatives as irregular meals. We defined a regular meal pattern as one consisting of a usual consumption of breakfast, school lunch and dinner during all 5 d during the school week. In addition, a question on the family's dining habits was asked. The child was classified as eating a family dinner if he/she answered that 'a cooked meal with the family usually eating together' best describes his/her family's dinner habits.
Confounders
The questionnaire included questions on children's health behaviour and family determinants, which were mostly from the HBSC study questionnaire (29) . Since diet, physical activity, screen time, sleep duration and the family's SES have been associated with both BMI and meal pattern in other studies (1, 7) , questions indicating these factors were treated as possible confounders in the analyses. In this way, a more independent association between meals and BMI can be revealed.
We asked the children about the amount of time that they spend on free-time physical activity with six alternative answers ranging from 'not at all' to '$7 h/week'. Sleep duration was calculated on the basis of questions about the time the children went to bed and woke up during the school week. Total television (TV) viewing and computer screen time per day during the school week were calculated through two questions, one on TV, video and digital video disc viewing time and the other on time spent using a computer or playing with game consoles. The seven alternative answers ranged from 'not at all' to 'approximately $5 h/d'.
A sixteen-item FFQ was used to identify dietary patterns by principal component analysis, which has been described in detail previously (30) . Two factors were identified, the first of which included pizza, hamburgers, hot dogs and meat pastries, potato chips and popcorn, cookies, ice cream, sweets, chocolate, cola and other soft drinks. This factor was named the energy-dense food index. The other factor, which we called the nutrientdense food index, consisted of fresh vegetables, cooked vegetables, fruit, berries and rye bread.
The SES of the families could not be directly taken into account in the present study because the children were too young to answer questions related to it. Instead, we used family structure and parents' employment status as substitutes. On the basis of answers about family structure, participants were divided into those who lived with both parents and those who had other family structures, and on the basis of questions on mother's and father's employment, both mothers and fathers were divided into those who worked full time and those who did not.
Statistical methods
The gender differences in the prevalence of overweight, regularity of meals and other variables were tested with the t test and the x 2 test. Associations between regularity of meals and BMI were tested with covariance analysis. The Statistical Package for the Social Sciences statistical software package version 17?0 for Windows (SPSS Inc., Chicago, IL, USA) was used as the statistical program.
Three different models were used. The first model was adjusted only for age and gender and the second for age, gender and children's health behaviours, such as freetime physical activity, sleep duration, screen time and the two food indices. In the third model, family structure and parents' employment status were added to model 2.
Results
Anthropometrics, the regularity of meals and other health behaviours in children are described in Table 1 . Eating a regular dinner was more prevalent among girls than among boys. Gender differences were also found to relate to screen time and physical activity, with boys reporting that they spend more time engaging in these activities. Of those children who ate breakfast regularly, 90 % also ate school lunch regularly and 89 % also ate a regular dinner. The proportion of children who ate all meals regularly is shown in Table 1 .
Irregular consumption of breakfast was associated with a higher BMI in all the statistical models ( Table 2 ). The regularity of school lunch, dinner or family dinner was not associated with the children's BMI. Irregular meal patterns were associated with a higher BMI in all statistical models.
Discussion
In the present cross-sectional study of 9-11-year-old children in Finland, irregular consumption of breakfast and irregular meal patterns during a school week were associated with higher BMI. Either eating a school lunch or dinner regularly or usually eating a dinner with the family was not associated with BMI.
The present study confirms previous results from crosssectional studies on the associations of breakfast consumption with weight status (3, 4, 8, 9) . As in the present study, previous results on school lunch consumption relative to weight status have mostly shown no relationship (16) (17) (18) (19) (20) . Previous studies that focus only on dinner are lacking. Studies on family dinner and weight status have yielded inconsistent results. Contrary to our results, most (19, 22, 23, 25) but not all (24) cross-sectional studies have found that fewer family dinners are related to higher BMI. In follow-up studies, the association between family dinner and BMI has 
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Significant difference between boys and girls (x 2 test, P , 0?05).
not been found (23) or has only been found in connection with one ethnic subgroup of American adolescents (22) . In concordance with our results, Franko et al. (26) reported that consuming at least three meals per day was associated with a lower BMI in American girls. In a Brazilian study on low-SES adolescents, having breakfast, lunch and dinner on a daily or almost daily basis was associated with a lower BMI in boys, but not in girls (27) . Contrary to our findings, a previous Finnish study on 13-and 15-year-old adolescents found that having a regular meal pattern during a school week was not associated with being overweight (28) . In the present study, the association between meal patterns and BMI was mostly due to the regularity of breakfast, since neither the regularity of school lunch nor of dinner alone was found to be associated with BMI. It may be that breakfast, but not other meals, is an indicator of a healthier diet or otherwise healthy lifestyle that promotes healthy BMI. Studies have shown that missing out on breakfast is associated with less healthy behaviours such as lower levels of physical activity, higher levels of TV viewing, plus smoking and the consumption of alcohol in adolescents (3, 7, 15) . Nevertheless, our results were uninfluenced by adjusting for other health behaviours. Regular breakfast consumption has consistently been linked with healthier diets (2, 4, 9, 15, 32) . In contrast, those who tend to miss out on breakfast report higher energy consumption from snacks than those who consume breakfast regularly (2, 9) . However, in the present study, children's food choices were taken into account to some extent but had no effect on the results.
The association between breakfast regularity and BMI could be explained by energy intake, but in almost all studies children and adolescents who have reported consuming breakfast regularly have also reported higher energy intake compared with those who consume breakfast irregularly (4, 9, 15, 32) . This odd finding could be due to the under-reporting by the irregular breakfast takers. Overweight adolescents are known to under-report their food intake more than normal weight adolescents (33, 34) . It might also be explained by higher physical activity among the regular consumers of breakfast (7) . In recent studies, shorter sleep duration has been associated with being overweight in children (35) . However, there are little data on the possible associations between sleep duration and breakfast consumption. As has been shown in a few studies (36, 37) it is possible that children who sleep less also tend to miss out on breakfast. Thus, it is also possible that sleep duration explains part of the association between breakfast consumption and BMI.
The possibility of reverse causality must be taken into account within a cross-sectional research setting. Children with a high BMI might have stopped eating breakfast regularly after their weight gain in an attempt to lose weight, since this has been reported to be a popular dieting method among 11-16-year-old adolescents, especially with girls (38, 39) . No data are available relating this to younger children.
One of the strengths of the present study is that the children were measured and weighed specifically for the present study by the research staff. Self-reported or parent-reported weights and heights would have been prone to errors and under-reporting (40, 41) . Another strength of the study is that many other factors that are possibly linked to childhood overweight were studied, allowing the many confounding factors to be taken into account when adjusting the results.
A weakness of the present study is that the sample was selective and quite homogeneous, as it represented a language minority in the capital region of Finland. The parents of the study population had a better-than-average level of education. However, the results of other studies are similar enough to confirm our results. As the study sample was quite small, the results were not shown separately for boys and girls.
There is a question about the ability of children of this age to accurately report their behaviour. However, it has been found that children of this age are able to report quite well, at least on their food habits (42, 43) . There is also a previous study showing that slightly older children are able to report their sleep duration (44) . Furthermore, the same questions on health behaviour have also been used in the HBSC study of 11-15-year-olds (29) .
In the present study, we have examined the regularity of breakfast, school lunch, dinner and family dinner independently to see what association they may have with children's BMI. We also examined if a regular meal pattern, defined as breakfast, school lunch and dinner, was associated with children's BMI. The present study adds to our knowledge about the association of regular mealtimes and meal patterns with BMI. We conclude that, although the association between breakfast consumption and BMI in children is fairly consistent, the role of other meals is unclear. Further research into the associations of other meals using a larger and representative sample would be needed. Until such data are available, the assumption must be that breakfast is by far the most important meal of the day, from the point of view of weight.
